
�

�������	��

���������������������������	 "!��$# %&�(')�*��+,����'-������./����01����'2�3!4���65�����7�7����*7

8-9*:<;�=?>�@BADC�EF>�@HGJIFK�LM:ONP9�EFQSRUT�=H;(RVEF>*W�GFK*XYEFC*RUZ\[B[]EF^_K*`�a�EF>�@?bdcHQ�`�:O[�G
GfeD;�@?=?>*>�Q$g�Eih�:<=H>*EFRUjkEFl-=?;PEih(=H;(mHK_eD;�@?=?>*>�Q?Konpj1q?r?sHtHu�Kov�w_e
^?wxhPEF>_yz=H;�W{j):<>�QfEF;|e}N~N�Q~R<Q~;�EFh(=?;}�	Q~>Hh�QS;fK*wxh�E?>_yz=?;PW�K-��e�u?sHt?rHu�K_v�w�e

�Y�F���������p�~�x�H�x���x���x�\���x�d���S�x���������}�����x�H�x���}���f���H�p�������~�p�������d�p�o�?���P�}�_�S�p�$�S�o�~���F�p�����~�����$�~�o�D�F�x�����p�����S�����i 2¡¢�x�k���p�(���S�p��£J�
���f���H�p���~�x���~¤��p�x�|���i�p�P�S���~�-�P¥F�x�S�p���f�B¤O�~���p�x�|���x�d���S�x�������¦�B�?�p��£?���?�D�~�x�?�p��§H���,���p����§?�H�p�P�������~�x���~¤k�Y�?�4�������p�f�H�x�x���x���H���H�H�
�p�D���H���p�<�S�*�H�P�H�������,�~�x�¨���x���p�S�����F�H�H�<���p���f��©H�S�o�����~�¨�_���S�x�H���������p���}���(�p�����Y�~¤2�_���o�H���H�}�d�?�d�p�P���k�P�f�H�����d�p���H�$�S¤2�$�H���p���H���
�P�f���?�p�P�����~���(�H�����~�H�P�¢�S�o�������~�H���_�~���¢�����x���P �¡�ª��������������S�Y�H�H�k���o�H���_�P�o�?�P�i�k�������x���S�p���f�,�����p�H�F�H���S�p�	�H�P£J�����~�_���,�~�x���S�p�
�P�f���x�S�p���«�p�¨���S�(�¬�~�p�H���|�S��ª¢�����)�S�	ª\���p�­�p�H�P�~���i 	®{�}�H�(�p���p�����x�D�p�x�D�p�~���~���f�~���­���­�?�P�x�����¦�«���F�H�H�<���p���f�]¤V�S�D�~���U�_�P�o�
�d�?�d�p�P���Y�~¤2�p�H�|¯����x�~�}���f�H���p�P�i�	¯����f�i���?�~�H�p�P�D�S�o�°�H�����P�x���\���x���p���~���P�f�x�H���p���f�H�\�p�x�S���d���S���\�p�H���x�H�d���~�x���|�?�p�i�P�P���P 

±-²]³�´2µS¶i·U¸�¹kº?µ~»�·�´
e½¼?Q~;(m¾NP9*EFROR<Q~>�@?:O>�@];�Q~¿xC�:O;(Q~[BQS>xh|yz=?;}E«yzC�h(C�;�Q,Àob

;PEJmDyz;�QSQSb¦Q~R<QfN�h(;�=?>�RVE?Á(QS;�ÂÄÃ¢Z�j�Å�:VÁUh�9�Q�@HQS>�Q~;�EFh(:O=?>�=Fy*E
RO=ia�b¦Q~[B:�h(h�EF>�N�Q{ÂÇÆ-ÈÊÉ �«Ë [¬Å�Kk9�:O@?9�bdNSC�;(;�QS>xh]ÂÄE¾yzQSa
Ì e�Å¬QSROQ~N�h(;�=?>�l-Q~EF[ÎÍ � K�ÏJÐdÑÓÒ�9�Q�hpmoÔ�:ON~EFR$E?NSNSQSROQS;PEib
h�=?;DW_QfÁ�:O@?>¾h(=B;�Q~E?NP9¾h(9*:OÁ�@H=HEFRUÁ�h�E?;�hPÁ�a|:�h�9ME°Ô*9�=Fh�=Fb
N~Eih(9*=oW�Q};(y)@?C�>ÊNSE?Ô*EFl�ROQ}=?y)Ô�;�=_W_C*N�:O>�@¨h(9�Q$;(Qf¿xC�:<;�Q~W
Q~[«:<h�hPEF>*NSQÕEFhÖE×[°C*NP9ØRO=ia	Q~;ÊNSC�;�;(Q~>HhMEF>�WÙC*Á(Q~ÁME
Á(QS;�:<QfÁ¨=?y}[]EF@H>�Q�h�:ON¾l�C�>*NP9ÚN�=H[BÔ�;(QfÁ(Á(=?;PÁ�h�=Õ;�Q~W�C*N�Q
h�9�Q­l�C*>*NP9ÛROQS>�@?h(9ÛEF>�W1:<>�N�;�Q~E?Á(QBh(9*Q¾Ô-Q~E Ì NSC�;(;�QS>xh
NS=?;�;(QfÁ�Ô-=?>*W�:<>�@HR<mHÑ��	=?9�Q~;(Q~>HhDÁ(mo>*NP9�;�=Fh(;�=?>¾;�EHW_:VEih(:O=?>
Âd��w_Ü}Å|:O>*W_C�N�Q~W{lom{E¬Á(9�=?;(hDl�C�>*NP9�:<>{h�9�Q¨l-QS>*W*ÁD=Fy
h�9�Q~Á(Q$NS=?[BÔ�;�Q~Á�Á�=H;	NP9�:VNSE?>�Q~Á	:VÁ�E°[]EiÝp=H;�NS=?>*NSQS;�>¬l�QSb
N~EFC*Á(Q}��w_ÜÚNSEF>«:O>Hh�QS;PE?N�h¢a|:<h(9«h�9�Q|l�C�>*NP9]E?>*WBNSEFC�Á�Q
E?>,QS[B:<h�h�E?>*N�Q�@?;�=ia�h(9¾Í tFÐ¦Ñ¢Ü|Q~NSQS>xh(ROm?KFNS=?[BÔ�C_h�QS;¢Á�:O[«b
C�RVEih�:<=H>*Á�9*EJ¼?Q�:O>*W_:VNSEih�Q~W¨h(9*EFh�Á�[]E?R<Ro[B=_W_C�RVEih(:O=?>�Á¢:<>
l�C*>*NP9¨W_Q~>*Á�:<hpm�NSE?>,l�Q�Á�:O@?>*:�Þ�N~EF>xh(ROm�EF[BÔ�RO:�Þ�Q~W�lom�:�hPÁ
:O>*W_C*NSQ~W×��w_ÜßÞ�QSRVW�Kk@H:<¼o:O>�@M;�:OÁ(QBh(=�E{[B:VN�;�=?l�C*>*NP9_b
:O>�@B:<>�ÁphPEFl�:OR<:<hpmàÍ s?Ð¦Ñ	w_C*NP9MEF>{:<>�ÁphPEFl�:OR<:<hpm­:VÁ�h�9�Q,Á�C*l_b
ÝpQfN�h]=Fy}:O>xh(Q~>*Á�QÊh�9�QS=H;(QSh(:VNSEFR|Á�h(C*W�:<QfÁÊÍ áfâ*ãfÐdÑÛn�>4h(9�:VÁ
Ô*E?Ô�Q~;~K�a	Q1W_:VÁ�N�C*Á�Á¾h(9�Q1EF[BÔ�RO:<Þ�NSEFh(:O=?>ä[«QfNP9*EF>*:OÁ([
E?>*WÊÔ�;(QfÁ�Q~>xh}EF>*E?R<mxh(:VN$yz=?;�[¨C*ROEHÁ�yz=?;}N~EFRVN�C�RVEih�:<>�@Bh�9�Q
E?[«Ô*R<:<Þ�NSEFh(:O=?>1yÄEHN�h�=?;fÑÕwom_Á�h(QS[]EFh(:VN­>oC�[BQS;�:VNSEFR�Á�:O[«b
C�RVEih�:<=H>*Á«EF;�Q­NSE?;(;�:<QfWà=?C_h«h(=àÁ�h(C*W_mÕh�9�Q¾:O>*Á�h�E?l�:<RO:<hpm
E?>*WMh�=ÊNS=?[BÔ*EF;�Q¨a|:<h(9�h(9�Q«h�9�QS=H;(QSh(:VNSEFR�;�Q~Á(C�R�hPÁSÑ,Ã�:<b
>*E?R<ROm?K2h�9�Q]EF>*E?R<mxh�:ON~EFRYEF>*WÖh(9�QB>oC�[BQS;�:VNSEFR�h�=x=HROÁ�E?;(Q
E?Ô�Ô�RO:<QfWÛh�=1l�Q~>*WÚÁ�m_Á�h(QS[]Á]=?y�h�9�QÖjU:O>*EHNM�	=H9�QS;�QS>xh
j):<@H9Hh¢wo=?C�;PN�Q�ÂÄj���j�w�Å\Í � ÐdKJa|9�QS;�QYh�9�Q�QSå-QfN�hka�E?Á�Þ*;�Á�h
W_:VÁ�N�=i¼?Q~;(QfWBh(9*;(=HC�@?9¾h(9�Q�h�;�EHN Ì :<>�@BÁ�h(C*W_mÕÍ s?Ð¦Ñ

æPç2è�é¦é¦êpë�ì?è�ífîJï�íJð|ñPòfó�ôJè�é�õOö�÷DñPï�øVù�ú�é�ôFû¢ñPìJë�ü ñPíJøVü ð�è(ýJþ

ÿ�²������o·*¶��
eØhpmoÔ�:ON~EFR�l�C�>*NP9­NS=?[BÔ�;�Q~Á�Á�=H;�NP9�:VNSE?>�Q}N�=H>*Á(:OÁ�h�Á�=Fy

yz=?C�;¬W_:OÔ-=?ROQ~ÁB=Fy�Q~¿xC*EFR|ROQS>*@Fh(9	��
BE?>*W×Qf¿xC*EFR�[]EF@?b
>�:�h�C*W_QÛ=?y]l�Q~>*W_:O>�@�;�EHW_:OC*Á
���?Ñ Ò�9*Q1[«:VW�W_ROQ1hpa�=
W_:<Ô-=?ROQ~Á	EF;�Q�¼?QS;�m°NSR<=xÁ�Q�h�=�Q~EHNP9«=?h(9�Q~;\a|9�:OR<Q�h�9�Q|Þ*;PÁ�h
EF>*W,h(9�Q�ROEHÁph¢W_:OÔ�=HR<QfÁ�E?;(Q����ÕEFÔ�EF;(hUyz;(=H[�h(9�Q~:<;�>�QfEF;(b
Q~Á�h¾>�Q~:<@H9xl-=?;PÁ~Ñäe}>Ù:<>�N�=?[B:O>�@Ûl-Q~E?[ a|:<h(9ØE?>�QS>_b
QS;�@?mMNP9�:O;(Ô����������_Â����xÅ°Âz;�QSRVEih�:<¼HQ¨QS>*QS;�@?m{NP9*EF>�@HQ
Ô�Q~;ÛC�>�:<hÛl�C�>*NP9 ROQS>�@?h(9�ÅÕa|:OROR¬l�QÙNS=?[BÔ�;�Q~Á�Á�QfW :O>
h(9�QMNP9�:VNSE?>�Q­lom1EF> EF[B=?C�>xh{Â ��� � ��!#"~Å%$'&iK�a|9�QS;�Q
� !#")(+* Ï', -./ -021 ��� ��34 ��
6587 r�Á�:O>*N�Q¬h(9�Q¾9�Q~EHWà=Fy
h(9�Q�l�C*>*NP9{:OÁDEFh9�:7 r*Ñ
woC*Ô�Ô�=xÁ�Q{h�9�QMl-Q~EF[ N�C�;�;(Q~>xh«:VÁ][B=_W_C�RVEih(QfW4EFh­E

a�EJ¼HQSROQS>�@?h(9<;=� Ï?>@��A{h�9*Eih�:VÁ�[¨C*NP9ÕÁ�[]EFROROQS;$h(9*E?>
h(9�Q¾l�C�>*NP9ÛROQS>*@Fh(9)ÑÕ��w_Ü�N~EF>1l-Q­QS[B:<h�h�Q~W1yz=H;,h�9�:OÁ
a�EJ¼HQSROQS>�@?h(9ÙEih{E1RO=oN~Eih�:<=H>CB�:<>äEÛW_:OÔ�=HR<QÕEF>*WÙ:<>_b
W_C*N�Q�l-Q~E?[�QS>�Q~;(@HmB[«=_W_C*ROEFh(:O=?>{Eih�h(9�Q�Á�EF[BQ�a�EJ¼?QSb
R<Q~>�@Fh�9àW�C�QBh(={h�9�Q¾��w_Ü :O[«Ô-Q~W*EF>*NSQÖÍ DFÐ¦Ñ¬Ò�9�;�=?C*@?9
h(9�Q$[B=?[BQS>xh(C*[�N�=?[BÔ*EHN�h�:<=H>E�F!#"?ÂGBEHJIJÅ�K_Á�C�NP9¬QS>_b
QS;�@?m¨[B=_W_C�RVEih�:<=H>¬NSE?>«l-QDh�C�;�>�Q~WB:O>xh(=,W_Q~>*Á�:<hpm«[«=_Wob
C�ROEFh(:O=?>ÊEih�E¨ROEFh(Q~;�NP9�:VNSE?>�Q}RO=_NSEFh(:O=?>2IHÑ\Ò�9�Q�Ô�;(=_NSQ~Á�Á
a|:<RORH;�QSÔ-Q~EFhkEihKIHKfROQ~EHW_:O>�@|h(=Dh(9�Q�EF[BÔ�RO:�Þ�N~Eih�:<=H>�=Fy_h(9*Q
N�C�;�;(Q~>xh$[B=_W_C�RVEih�:<=H>UK2=?;�[B:ONS;(=Hl�C�>*NP9�:O>�@�ÑML�Q�Þ�>�:<>*@
E}l�C*>*NP9�:O>�@�Ô�EF;PEF[BQ�h�QS;�NFÂOAQP%IfÅkE?Á)h(9*Q�Ã*=?C�;�:<Q~;)h�;�E?>*Á�b
yz=?;�[ß=?y2h(9�Q$N�C�;�;(Q~>xh~KFh�9�Q}RO:O>�Q~E?;�QS¼H=?ROC_h(:O=?>]=?yRNiÂOAQP%IJÅ
[BEJm1l-QÖW_QfÁ(NS;(:Ol�QfWÛlom×E?>×:O>Hh�QS@H;�E?R�Qf¿xC*Eih�:<=H> Í q�K�ãfÐdÑ
Ò�9�Q{:<>xh(Q~@?;PEFR�Q~¿xC*EFh(:O=?>×EHÁ(Á(C�[BQ~Á«E"NS=HEHÁph�:<>�@"l�QfEF[
Âz:O>_Þ*>�:<h(Q�l�C�>*NP9BROQS>�@?h(9�Å¢l*C_h\h�E Ì QfÁ¢:<>xh(=,EHNSNS=?C�>xhYh(9*Q
Á�[BQ~E?;(:O>�@BQ�å2Q~N�h�Á}=Fy�h(9�Q�:O>�:<h(:VEFR)l-Q~E?[/Q~[«:<h�hPEF>*NSQ�ÈTS
EF>*W­:<>*NS=?9�Q~;(Q~>xh	QS>*QS;�@?m]Á�Ô*;(QfE?WVUXWFÑZY�9�QS>­h(9�Q�W_;�:<yÇh



Ï

Á�Ô�E?N�Qàl-Q�hpa�QSQ~>�W�:<Ô-=?ROQ~Á ��� � � 
 K�h�9�Q1:O>*W_C*NSQ~W
W_QS>�Á�:<hpm�[B=_W_C�RVEih�:<=H>"yz;�=?[ h(9�Q]Q~>�QS;�@?m�[«=_W_C*ROEFh(:O=?>
:<>{h�9�Q,Á�EF[BQ,W_:OÔ�=HR<Q�:VÁ|>�=H;([]EFROROm¬>�QS@HR<:O@?:Ol�ROQ]Í áiÐ¦K*E?>*W
h(9�Q�:O>Hh�QS@H;�E?RFQ~¿xC*EFh(:O=?>,:VÁkÁ(=?RO¼?QfW�lom}hpa�=D:<h(QS;PEih�:<=H>*Á�h�=� ÂG� 
 ������Å$Í ãJÐ¦ÑYÃ�=H;DÁ�:O[BÔ�RO:ONS:�hpmHK_a	Q�C*Á(Q$h(9�Q�Á�h(Q~EHW_mxb
ÁphPEih�Q?K|yz;�QSQSbdÁ(Ô*E?NSQ"��w_Ü a�E Ì QM=?;¬:O[BÔ�QfW�EF>*NSQ4Í t�K DiÐdÑY"QÖE?ROÁ(=1E?Á�Á�C*[«QÊh�9�Q{hpa|:OÁ�ÁBÔ*E?;�E?[«QSh(Q~;�Á�� � � ��

EF>*W�� �@����É � Eih}h(9�Q«QS>xh(;PEF>�N�Q,=?y�h�9�QBNP9�:ON~EF>�QHÑ}Ã�=H;
EF>,:O>�:<h(:VEFRoW_QS>�Á�:<hpm�[«=_W_C*ROEFh(:O=?>¨NP9*E?;�EHN�h�QS;�:
	~Q~W�lxm$h�9�Q
l�C�>*NP9*:<>�@¾Ô*EF;PEF[BQSh(QS;MN%�HÂ�AT��P(rxÅ�K�h(9�Q¨Þ*>*E?Rkl�C*>*NP9�:O>�@
EihFA�� � AT�?�_Â ��� �X� !#" Å�:VÁ|@?:O¼?Q~>¾lom�Í�ãfÐ
NiÂOA�� P�
�ÅN � ÂOA � P�rHÅ ( Q�À_Ô�� * �U 3WÏ*Â ����� Å 3�� ��� �������� >UQ~;�ypÂ �UXSxÅÏ �U S� Q�À_Ô�� * �U 3WÏ�Â ��� � Å 3�! �#" & Â �%$ �UXS $ �R� $'&($ �UXW~Å*)
�#� 3 �� 3� " � Â �U S Å " 3 Â �%$ �U S $ � � $'&($ �U W Å,+ Â � Å
ADQ~;(Q � � �X�F!#"FK �U W � A � ��!6" U W K � � � + qHt.- *
r�+ uFs�K �� � �/� � A�0,1 4� �F!#" � 
 ��ÂÇÆ2�43�� 3 1 4� Å�K�� � :OÁ4h�9�Q
N�=H[«Ô*;(QfÁ(Á(Q~W l�QfEF[ NSC�;�;(Q~>HhfK5��3 ( � ã Ì e¨K �U S �A � � 
 � È S � � ��� � K & � Ï�������� � Kkh(9*Q¬QS;�;(=H;�yzC�>*N�h(:O=?>
QS;(y�Â762Å �ØÏT> $ & 1 398 S�;:=< QSÀ_Ô)Â * < 3 Å�K*E?>*W

" � �;> $@?A -B � �UXS � >UQ~;�ypÂ �UXSxÅ * �Ï �U 3S $
" & �$Ï%C &

� :=< Â � * < Å
Â ����� < Å 0,1 4ED Â < Å $" 3 �$Ï C &

� :=< Â � * < Å < Â � � � ÅÂ ����� < ÅGF 1 4HD Â < Å $D Â < Å �ÖQ�À_Ô�� * �U 3S Â � * Ï < � �R� & < Å 3 ��& 3 < 3Â ����� < Å 3
* �U 3WÏ*Â ����� < Å 3 � < 3 � Â � * < Å 3

Â ����� Å 3�!I� + Â�ÏHÅ

Ò�9�Q°Þ*;�Á�hDh�QS;�[6=H>Mh(9*Q°;�:<@H9xh�Á�:VW_Q°=Fy�Z�¿-Ñ¢Â � Å|:VÁDh�9�Q
l�C�>*NP9*:<>�@°W_QS@H;�EHW�Eih�:<=H>°:O>«h(9�Q}E?l*Á(QS>*NSQ|=Fy�EF>omB��w_Ü�P
h(9�Q�Á(Q~N�=H>*W«h(Q~;([{KxR<:O>�QfEF;�:O>­NSC�;(;�QS>xhfK?:VÁ\h�9�Q};�Q~Á(C�R<h�=Fy
=?>�QSbdÁ�h�E?@?Q­E?[BÔ�R<:<Þ�N~Eih(:O=?>4EF>*W1:VÁ«W_=?[B:O>*EF>xh°:O>ÛRO=ia�b
@HE?:<> Á�:<h(C*EFh(:O=?>*Á P�EF>*WÛh(9�QÊROEHÁph«h(Q~;([{K�¿xC*EHW_;PEih(:VN¬:O>
N�C�;�;�QS>xh~K�:VÁBh(9�Q�;(QfÁ�C�R<h¬=Fy$hpa�=Fb�ÁphPEF@?QME?[«Ô*R<:<Þ�NSEFh(:O=?>
EF>*Wà:VÁ,W_=H[B:<>*E?>xh,a|9�QS>àh�9�Q¬@HE?:<>Õ:VÁ,9�:O@?9UÑ¾n�>àÔ*EF;(b
h(:VN�C�RVEF;fK\:<h«;�Q~W�C*N�QfÁ,h�="Z�¿-Ñ�Â�Ï?qHÅ¨=Fy}Ü|QSypÑDÍ áiÐ�:O>Ûh�9�Q
EFl*Á(QS>�N�Q�=Fy2N�=?[BÔ�;�Q~Á�Á(:<=H>­Âz:¦Ñ QHÑ<K �E�ØrHÅ�EF>*W°a|9�Q~>¨h�9�Q
QS[B:<h�h�E?>*N�Q«:VÁ�	~QS;�=*Ñ�Z�¿xC*EFh(:O=?>×Â � ÅDE?ROÁ(=¾E?@?;�QSQfÁDa|:<h(9
>oC�[BQS;�:ON~EFRUÁ(=?ROC_h(:O=?>*Á�=?ykh�9�Q�:O>Hh�QS@H;�E?R-Qf¿xC*Eih�:<=H>ÕÍ qiÐdÑ

��w_Ü [B:ONS;(=Hl�C�>*NP9*:<>�@�N~EF>]EFRVÁ�=$l-QD:<>*:�h�:OEFh(Q~W«lom¨E?>
Q~>�QS;�@?m°[B=oW�C�ROEFh(:O=?>KJkÂ�A � P(rxÅ�Ñ�ndh�:VÁ¢h(C�;�>�QfWB:<>xh(=,W�QS>_b
Á(:<hpm�[B=_W_C�RVEih(:O=?>"h(9*;(=HC�@?9=�F!#"HK)a|9�:VNP9"a|:OROR\l�QByzC*;�b
h�9�QS;�E?[«Ô*R<:<Þ*Q~W�lomÖ��w�Ü�Ñ�Ò�9�Q¨Þ�>*EFR¢l�C�>�NP9�:<>*@¬yz;�=?[
h�9�Q�:O>�:�h�:OE?RUQS>*QS;�@?m¬[B=_W_C�RVEih�:<=H>¾:VÁ,Í�ãfÐ

N'L_Â�A=�XP'
�Å (C* - A�� � !#" J�ÂOA���P(rxÅ � Q�À_Ô � * �U 3WÏ�Â ��� � Å 3M!
�#� �� � " 3 Â �N$ �U S $ � � $'&($ �U W Å ) + ÂÄtHÅ

O)²QPU»SR"¹@TVU�µ~»Ä·-´
Ò�a�=,Á�:O[¨C�RVEih�:<=H>]N�=_W_Q~Á}ÂSWYX�W[Z�\[]Y^,EF>*W¬��w_Ü NSEFRVN~Å

E?;(Q«C*Á(Q~W�h(=MÁ�h(C*W_mÖh(9�Q¾��w_ÜÓ[B:ONS;(=Hl�C�>*NP9*:<>�@�Ñ°Ò�9�Q
��w�Ü EFRO@?=H;(:<h(9*[/:O>Öl�=?h(9ÕN�=_W_Q~Á}:OÁ�l*EHÁ�QfW{=?>�E?>�EF>_b
E?R<mxh�:ON~EFR)[B=_W_Q~R)yz=H;Dh(9*Q,R<=H>�@?:<h(C�W_:<>�EFR\��w_Ü�a�E Ì Q¬Í uiÐ
h�9*Eih¢:O>*N�ROC*W_QfÁ)l-=Fh�9,h(9*Q	Á�h(Q~EHW_mxbdÁ�h�EFh(Q}Í t�K DiÐ_EF>�W�h(;PEF>_b
Á(:OQS>xh�QSå-QfN�h�ÁBÍ � rFÐ¦Ñ}Òk=­;�Q~W�C*N�Q�h�9�Q¨>oC�[BQ~;(:VNSE?Rk>�=H:OÁ(Q?K
E�yzQSa/[«:OROR<:O=?>4[BEHN�;�=?Ô*E?;�h�:ONSR<QfÁ¨E?;(QÊNP9�=HÁ(QS>ÛC�Á�:O>�@àE
¿xC�:OQ�h(bdÁ�h�E?;�h¢[BQ�h�9�=_W¨l*EHÁ�QfW,=H>°A}E?R�h�=?>BÁ�Qf¿xC�QS>*NSQ~Ákyz=?;
E?R<R)Ô�9*E?Á(Q�b�Á(Ô*E?NSQ$NS=x=H;�W�:<>*EFh(QfÁSÑ¢e½Á�:O>oC*Á(=?:VW�EFR�W_Q~>*Á�:<hpm
[B=_W_C�RVEih�:<=H>°:VÁYE?W*W_Q~W«Á�[B=o=Fh�9�ROm�h(=$h(9*QDN�C�;�;(Q~>xh�Ô�;�=Fb
Þ�R<QHÑDÒ�9�Q,@HE?:<>M:O>{h(9*Q¨[B=_W_C�RVEih(:O=?>ÖE?[BÔ�R<:<h(C�W_Q¨EiyÇh�QS;
h�9�Q,NP9�:VNSE?>�Q�:OÁ|QSÀ�EF[B:<>*Q~W­yz=?;|¼iEF;�:<=HC*Á ;UÑ
Ã�=H;ÊÁ(:O[¨C�RVEih�:<=H>*Á­a|:<h(9_WYX=W=Z�\[]Y^ Í �?� ÐdKDa�Q�C*Á(QàE` Eih�b¦h(=HÔ¬N�C�;�;�QS>xh�W_:VÁph�;(:Ol�C_h�:<=H>]=Fy2R<Q~>�@Fh�9 � r?r ;)Koa|:�h�9

s?b Uba�E?C*Á�Á�:VEF>�QS>�W�Á�9�EJ¼x:O>�@ca�E?C*Á(Á(:VEF>½Ô*E?;�E?[«QSh(Q~;UedC� � r ;)Ñ Ò�9�Q1[B=_W_C�RVEih�:<=H>�E?[BÔ�R<:<h(C�W_Q1:OÁÖ¼JE?;�b
:OQ~W{l-Q�hpa�QSQ~>Ör�Ñ r?qxÏ?á=fßE?>*W{s�f­K-E?Á|>�Q~Q~W_QfWÊyz=?;}NS=?>_b
h�;(=HR)=?y�>�=H:OÁ(Q,EF>�WMÁ(EFh(C�;PEih�:<=H>¾QSå-QfN�h�Á~Ñ|e½l�:O>ÖÁ�:g	SQ�=?y;Q�FÏ?rÊa�EHÁ�C*Á�QfWÕ:<>Õh(9*QÊ��w_Ü EFRO@?=H;(:<h(9�[{Ñ¬Ò�9�Q]@xEF:O>
a�E?ÁYNS=?[BÔ�C_h�Q~W°lom¨N�=H[«Ô�EF;�:<>�@�h(9*QDEF[BÔ�RO:�h�C*W_Q�=Fy-h(9�Q
NS=?[BÔ-=?>�Q~>HhYEih ;{Âz=H;¢:�hPÁ�NS=?[BÔ�;�Q~Á�Á�QfW�Q~¿xC�:O¼iEFROQS>xhPÅ�K?E?Á
W�Q�h(Q~;([B:O>�Q~W¨C*Á(:<>�@�j)EHÁ Ì E?;ih ÁU[BQ�h�9�=_W¾Í �?� Ð¦ÑY��w_Ü N~EFRVN
C�Á�QfÁYE�Á(:<[B:OROE?;\Á(NP9*QS[BQ	l*C_h�E5a�E?C*Á�Á�:VEF>«N�C�;�;(Q~>xh�Ô�;�=Fb
Þ�R<QMa|:<h(9kj$t�UElÖN�C�h(=Få¢Ñ�Ò�9�Q{[B=oW�C�ROEFh(:O=?> =?>4h(9�Q
NSC�;�;(Q~>Hh�Ô�;�=FÞ*ROQ}:VÁ�;�QSQ~¼iEFROC*Eih�Q~W¬EFyÇh(QS;	h(9*Q$NP9�:VNSE?>�QDlom
EJ¼HQS;PEF@H:<>�@°=i¼?Q~;mj$rM+ Ï�UMl,>�Q~E?;�h(9�Q�Ô-Q~E Ì N�C�;�;�QS>xh~Ñ
e}Á$E]>oC�[BQS;�:VNSEFRkQ�À�EF[BÔ�ROQ?K�a	Q°N�=?[BÔ�C�h(Q,h�9�Q¨@xEF:O>

yz=H;"E�[B=_W_Q~R°NP9�:VNSE?>�QÙÂÄÁ(QSQ ��w�Ü&a	=H; Ì Á(9�=?Ô½ÏFrHrHÏ�K
9xh(h(Ôonqp[pia|a|a�Ñ W_QfÁ�mHÑ W�QrpiN~Á�;4pFÅ�Ñ YÕQ½C*Á(Q�E NP9�:O;�Ô�QfW
Q~R<QfN�h�;(=H>]l�QfEF[�ÂO�2�Ùt?q�[ $'& Å\EFh�ása$QitØa|:<h(9 � b Ë [
>*=?;�[BE?R<:g	SQfWBQS[B:<h�h�E?>*N�Q�EF>*W¬Ï � � r $ " Â¦Ï � � r $ ! Å¢:O>_b
NS=?9�Q~;(Q~>xh�Q~>�QS;�@?mBÁ�Ô*;(QfE?W¬:O>�:<h(:VEFROR<mHÑYÒ�9�Q$NS=?[BÔ�;�Q~Á�Á�QfW
NSC�;�;(Q~>HhB:VÁ]E?Á�Á�C�[BQfWÛh�="l-QÖq Ì e¨Ñ\Ãk:O@?C*;(Q � Á�9�=iaDÁ
Á(:O[¨C�RVEih�:<=H>Û;(QfÁ�C*R�hPÁ,=FyKW�X�W=Z�\[]�^"EF>*W4��w�Ü NSE?RON]C�Ápb



t

20
 40
 60
 80
 100
�����
m
�

2


4


6


8


G
a
i
n



CSR_calc

���	��


2
� 10

 5
�
elegant


������

2
� 10

 5
�

Theory

���	��


2
� 10

 5
�
CSR_calc


���	��

2
� 10

 6
�

elegant

������


2
� 10

 6
�
Theory


���	��

2
� 10

 6
�

Ã�:O@?C�;�Q � Ñsa�E?:<>Ö=?y	E¬[B=_W_Q~R¢NP9*:ON~EF>�Q«E?Á$E]yzC�>*N�h(:O=?>
=?y)h(9*Q�:<>�:<h(:VEFR)[«=_W_C*ROEFh(:O=?>Êa�EJ¼HQSROQS>�@?h(9UÑ

:O>�@BÁph�Q~E?W�mHb�Á�h�Eih�Q���w_Ü,K_:<>ÊN�=?[BÔ*E?;(:VÁ(=?>¬a|:<h(9¾h(9�Q~=?;�m
ÂÄ:�Ñ Q?ÑOKxZ	¿-Ñ�Â � Å�Å�Ñ¢Òk;PE?N Ì :<>*@�a|:�h�9]h(;PEF>*Á(:OQS>xh���w_ÜÚ@H:<¼HQ~Á
¼HQS;�m Á(:<[B:OROE?;­;�Q~Á(C�R<h�Á~Ñ a�EF:O>ØW_:<å2QS;�QS>*NSQ"=?y�h(9�Q~=?;�m?KWYX�W=ZY\[]Y^2K�EF>*W1��w_Ü N~EFRVN«[BEJm"N�=?[BQ«yz;�=?[
h�9�Q¬W_:<yÇb
yzQ~;(Q~>HhDEHÁ(Á(C�[BÔ_h(:O=?>�Á�:<>{l�C�>�NP9¾ROQS>�@?h(9MEF>�WÊÁ(9*E?Ô�QHÑ

�k²������@T�»Äº[U�µ~»Ä·-´��°µf·Õµ ��������� P
Ò�9�Q�j¢��jkw�EHNSN�Q~R<Q~;�EFh(=H;UN�=?>�Á�:VÁphPÁU=?y_yz=?C�;kl�Q~>*W,Á(moÁ�b

h�QS[]ÁSKfhpa�=D=Fy�a|9*:ONP9¨E?;(Q�l�C�>*NP9¨NS=?[BÔ�;�Q~Á�Á�=H;UNP9�:VNSEF>*Q~Á
Â�T|� � EF>�W¾TD��Ï?Å�Ñ\Ò)=BW�E?[«Ô¾h(9*Q°��w_ÜØ[B:VN�;�=?l�C*>*NP9_b
:O>�@{:<>�ÁphPEFl�:OR<:<hpm?K�E{Á�C�Ô-QS;PN�=H>*W_C*N�h(:O>�@{a|:<@H@?ROQS;�l-Q�yz=H;(Q
TD��Ï�NSE?>�l�Q\C�Á�QfW$h(=|:O>*N�;�Q~EHÁ�Q�h(9*Q�:O>*N�=H9�QS;�QS>xh�QS>�Q~;(@Hm
Á(Ô�;�Q~E?W�U W EFh\s*Ñ�á5a$Qit ÂÇyz;�=?[ßt � � r $ " h(=,t � � r $ ! Å�Ñ
Ã�:O@?C�;�Q«Ï¾Á�9*=iaDÁ�EÊÁ(NP9*QS[]Eih�:ON°=Fy\h�9�Q]j���j�wMRVEJm?=?C�h~K
E?>*W�[B=?;�Q�W�Q�h�E?:<RVÁ�NSEF>°l�Q	yz=?C*>*W¨:O>°ÜDQ�ypÑ�Í � ÐdÑ)n�>¨a|9�Eih
yz=HR<RO=iaDÁSK�Æ-È S :VÁ«EHÁ(Á(C�[BQ~W1h(=Õl�Q �­Ë [ h�9�;(=HC�@?9*=?C_h
h�9�Q]E?NSNSQSROQS;PEih�=?;fK2h(9�QBÞ*>�EFRYl�C�>�NP9àNSC�;�;(Q~>Hh�:VÁ�s Ì e¨K
E?>*W=U W¬:VÁ�@H:<¼HQS>ÛEih°¼JE?;(:O=?C�Á,ÁphPEF@HQ~Á�:O>×Ã�:<@�Ñ�Ï_ÑMÃ*=?;
QfE?NP9MN�=H[«Ô*;(QfÁ(Á(=?;fK_h(9*Q¨@HE?:<>M:O>�W_Q~>*Á(:�hpmÊ[B=oW�C�ROEFh(:O=?>
:VÁ|yz=HC�>*W{h�=­l-Q¨ROQ~Á�Á|h(9�EF>�t]:O>Mh�9�QS=H;(m{E?Á}a	Q~R<R¢E?Á}:<>
Á(:<[°C�RVEih(:O=?>4Í q*K�ã_K � ÏJÐdÑ�X�C_h�h�:<>*@­h�9�QS[
:O>"Á(QS;�:OQ~Á~K2TD��Ï
>�=?h�=H>�ROmBE?[BÔ�R<:<Þ*QfÁ�h�9�Q�W_QS>*Á(:<hpm][«=_W_C*ROEFh(:O=?>­@xEF:O>�Q~W
:O>¬TD� � K?l*C_h�E?ROÁ(=�h(C�;�>*Á\h(9�QDQ~>�QS;�@?m°[B=oW�C�ROEFh(:O=?>¬EHN�b
NSC�[¨C�RVEih�Q~W×:<>ÚTD� � :O>xh(=àW_QS>*Á(:<hpmÛ[B=oW�C�ROEFh(:O=?> EF>*W
E?[«Ô*R<:<Þ*Q~Á­:�h{Á�C*l*Á�Qf¿xC�QS>xh(ROm?Ñ Ò�9oC*Á~K�h(9*QÖh(=?h�E?R}@HE?:<>
=?y\h(9�Q°hpa�=Fb�N�=?[BÔ�;�Q~Á�Á(=?;}Á(m_Áph�QS[ :VÁ�9*:<@H9�QS;$h(9�EF>Öh�9�Q
Ô�;�=_W_C*N�hB=?y�h�9�QM@HE?:<>�ÁB=Fy�QfE?NP9ÚN�=H[«Ô*;(QfÁ(Á(=?;]EF>�W×:VÁ
E?>*EFROm�	SQ~W¬:<>ÊÜ|Q�ypÑ�Í�ãfÐdÑ�YÕQ�NSE?;(;�m°=HC_h}��w_Ü NSE?RON�Á�:O[«b
C�RVEih�:<=H>*Á�lomÕ[«=_W_Q~R<:O>�@�h(9�Q¬RO:O>*E?N¾Á�QfN�h(:O=?>�Á�l�QShpa	Q~QS>

SLAC linac tunnel undulator hall

Linac-0
L ≈6 m

Linac-1
L ≈ 9 m

ϕrf ≈ −38°

Linac-2
L ≈ 330 m
ϕrf ≈ −43°

Linac-3
L ≈ 550 m
ϕrf ≈ −10°

BC-1
L ≈6 m

R56≈−36 mm

BC-2
L ≈22 m

R56≈−22 mm

DL-2
L ≈66 m
R56=0 

DL-1
L ≈12 m
R56≈0 

undulator
L ≈120 m

150 MeV
σz ≈ 0.83 mm

σδ ≈2×10−5

250 MeV
σz ≈ 0.83 mm
σδ ≈ 1×10−5

4.54 GeV
σz ≈ 0.19 mm
σδ ≈ 3×10−5

14.35 GeV
σz ≈ 0.022 mm

σδ ≈ 1×10−4

...existing linac
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